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Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China;
Graduate School, Chinese Academy of Sciences, Beijing 100049, China

Abstract: This paper discusses oasis stability at regional scale with a case study in the northern
slope areas of the Tianshan Mountains (NSTM). The results showed certain significant aspects. (1)
As long as water resources in the oasis keep stable and their utilization efficiency can be maintained or gradually increased, the primary productivity could be continuously increased and the
natural primary productivity keeped relatively stable. In this case, it is considered that the oasis is
stable and its sustainable development can be achieved at regional scale. (2) Considering the
availability of water resources in the oases, the oases on the alluvial-diluvial fans are highly stable.
In the alluvial plain downstream of the groundwater overflowing zones the oases are moderately
stable and in the lacustrine deltas or dry lacustrine deltas the oases are lowly stable. (3) Enlargement of oases and the increase of water resources and vegetation coverage in the oasis will certainly enhance the “cold-island effect” of the oasis and increase the stability of oases.
Keywords: oasis stability, regional scale, geographical location, “cold-island effect”, the northern slope areas of the Tianshan Mountains

1 Introduction
The formation and development of oases are a striking
phenomenon in desert regions, especially in regions
like Xinjiang in Northwest China with high snowcovered mountains. The effective precipitation is only
10－15 mm in the desert areas, where surface runoff
cannot be developed by precipitation. Precipitation in
the mountainous regions, however, can be up to 300－
700 mm and 1 120 mm in maximum in the midmountain zone of the Tianshan Mountains. Thus, the
mountainous regions become a “wet islands” in the
arid areas, in which many rivers develop and flow into
the arid basins and deserts to form the non-zonal
original oases in middle and small sizes (Jia, 1996).
Therefore, the oasis landscapes develop under the desert background in the arid areas. If there were no
mountainous landscapes in the arid Xinjiang, there
would have no surface runoff, and the oasis landscapes
would not have developed under such desert background. Therefore, the oasis landscapes in Xinjiang
depend highly upon the water resources originating

from mountainous area.
In Xinjiang with an area of more than 1 600 000
km2, the area of desert landscapes occupies 52% of the
total, mountainous regions 39%, and the anthropogenic oases occupies 9% only. However, 90% of the
people live and over 95% of the wealth is concentrated
in these anthropogenic oases (Han, 2001). In arid
areas, the geomorphic positions on which oases develop are mainly the alluvial-diluvial fans, alluvialdiluvial plains and deltas at lakeshore (Zhang et al.,
1995). More than 94% oases develop on the alluvial-diluvial fans and alluvial-diluvial plains in Xinjiang (Yang, 1990).
Since the 1950’s, especially in the 1980’s, with the
population growth and the social and economic development in Xinjiang, the exploitation of land resources has been continuously intensified and the human disturbance enhanced in the process of oasis
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development (Fan, 1993; Mu and Liu, 2000; Ma and
Li, 2001; Yang, 2001; Zhang et al., 2003；Jia et al.,
2004), which made most of the original oases under
the desert background gradually evolve into anthropogenic oases. Human activities continuously change
the environment of oases. (1) Anthropogenic ditches
have replaced natural rivers; (2) reservoirs have replaced the natural lakes; (3) some species of native
vegetations have been replaced by exotic species or
totally eliminated due to the construction of buildings
(such as thorps and towns); and (4) the soils have been
gradually modified during cultivation, irrigation and
fertilizer application (Fan, 1993). Consequently, Human beings is not only one of the main components of
oases, but also the direct participator in the evolvement and control of oasis development. Without appropriate human activities, the anthropogenic oases
may face serious ecological problems and likely return
to deserts. In fact, some serious ecological problems
have occurred in some oases due to irrational exploitation of land and water resources (Ma and Li, 2001;
Zhang et al., 2003), seriously threatening the stability
and sustainable development of the oases. Therefore,
how to maintain the stability and sustainable development of oases is one of the key scientific issues in
the process of development and management of oases.
The concepts of oasis stability at regional scale are
quite different if seen from different angles. In terms
of system approach, the stability of oasis system
means that the conditions of the system do not change
with time, and the entire system does not be changed
due to the slight and stochastic disturbance. The
stronger the capability against disturbance, the higher
the stability of the system will be. Viewing from the
standpoint of landscape ecology, the stability of oases
means the properties of oasis landscape can be maintained within a certain period of time or changed
within certain amplitude. Thanks to its capability of
restoration and resistance. Viewing from the man-land
relations, the relationship between population, natural
resources, environment and economic development
can be regulated.
Variation of an oasis is absolute, and its stability is
relative. Generally, the oasis is in a sub-stable state.
With reasonable human disturbance, it may continuously evolve from a low-level sub-stable state to a
high-level sub-stable state through its temporal and
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spatial variations.
In addition to relative stability, oases show temporal
and spatial differentiation. At regional scale, deserts
are the surrounding environment for oases and mountains. Oases and deserts are completely different landscape types at regional scale, but they can reciprocally
evolve to each other under certain conditions, that is
“oases evolve towards deserts” or “deserts evolve towards oases”. No matter what kinds of changes between the oasis and desert, they are all the results of
significant changes in regional components or factors,
both natural (hydrological, soil and vegetation factors)
and human (rational or irrational exploitation and
utilization of natural resources, population growth,
changes in economy, society and politics, and even
war-induced turmoil). Human factors influence change
of oases and deserts often through natural factors, especially the hydrological factor. This is because the
hydrological factors are the most important in the arid
areas, e.g., the change in hydrological conditions necessarily leads to change in soil and vegetation. For an
oasis, water is the key factor in maintaining its existence and development (Fan, 1996). Without water,
there would be no oasis in arid land. Although the
geologic and topographic factors play a restrictive and
controlling role in the distribution of water resources
in the oases, they are relatively stable and do not obviously change with the variations of other natural and
human factors. The effect of arid climate on the oasis
is considered to be limited, especially in a short period.
However, the climatically “cold-island effect” of oases
enhances the stability of oases remarkably (Luo et al.,
2003). Of course, the intensity and effect of such local
climate depend on the amount of water resources
available and vegetation status in the oases as well as
the scale of the oases. The increase of water resources
and vegetation coverage in oases can intensify the
“cold-island effect” of oases. Sustainable development
and stability of oases need the sustainable utilization
of water resources and the continuous promotion of its
utilization efficiency. At regional scale, the total volume of water in arid areas is relatively stable as long
as climate does not change obviously. However, the
total volume of water in the oases can be increased
due to improved water conservancy facilities. Such a
trend will be intensified along with the implementation of cross-watershed water drawing projects.
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Based on the above analysis, the stability of oases
at regional scale can be defined. For example, an oasis
is considered stable and its sustainable development
can be achieved as long as the volume of water available in the oasis can remain relatively stable, the utilization efficiency of water is continuously enhanced
(not lowered at least), and the per unit area primary
productivity (biomass) continuously increased, moreover the productivity of natural vegetation cannot be
obviously reduced and should be maintained relatively
stable at least.
Study of the stability of oases are involved in the
complexity of oasis systems and the limitation of
study methods (Han, 1999; Wang et al., 2002; Luo et
al., 2003). The optimal method for assessing the stability of oases is to establish the assessment index
systems. Quantitative studies, however, are still not so
effective in analyzing the structure, functions and dynamic change of the oases (Jia et al., 2000). The stability of oases in arid areas and its representation are
also different at landscape and regional scales. This
paper is intended to deal with the stability of oases at
regional scale.

Sangong river watershed originated from the northern
Bogda Peak and the Kuytun river watershed originated
from the northern Yilianhabierga Mountain (Fig. 1),
where such inland cities of Urumqi, Changji, Shihezi
and Kuytu are located.

The area in red in the mountain is mid-mountain belt, the area in red in
the plain is oases, the area in grey-white around the oases is the potential development extent for future oases. There is a wide foothill belt
region between the mid-mountain belt and oases. Green lines, located in
the overflowing zone of phreatic water which is situated at the end of
alluvial-diluvial fans, are regarded as the rough boundaries between
alluvial-diluvial fans and alluvial-diluvial plains
Fig. 1 Three-dimension Map of central part of NSTM areas
1
(mapped by Cheng Weiming ).

2 Materials and methods
2.1 Study area and materials
As a case study, the northern slope of Tianshan Mountains (NSTM) refers to the area between the Sangong
Table 1

The meteorological data are collected from 12 meteorological stations and hydrological data from 6 hydrological stations. The geographical location of the
stations is shown in Table 1.

Geographical location of the meteorological and hydrological stations in the study area
Station name

North latitudes

East longitudes

Elevation (m a.s.l.)

Daxigou

43°06′

86°50′

3 539

Geographical location
Alpine zone

Xiaoquzi

43°34′

87°06′

2 160

Mid-mountain zone

Tianchi

43°53′

88°07′

1 942

Mid-mountain zone

Wusu

44°26′

84°40′

479

Oasis

Shihezi

44°19′

86°03′

442

Oasis

Shawan

44°03′

85°37′

522

Oasis

Caijiahu

44°12′

87°32′

441

Oasis

Hutubi

44°08′

86°49′

522

Oasis

Changji

44°01′

87°18′

577

Oasis

Urumqi

43°54′

87°28′

654

Oasis

Paotai

44°51′

85°15′

337

North desert

Mosuowan

45°01′

86°06′

346

North desert

Yingxiongqiao in Urumqi River

43°22′

87°12′

1 920

Mid-mountain zone

Zhicaichang in Toutunhe River

43°31′

87°00′

1 400

Foothill belts

Nianpanzhuang in Santunhe River

43°43′

86°57′

1 100

Foothill belts

Shimen in Hutubi River

43°45′

86°34′

1 480

Foothill belts

Shimenzi in Taxi River

43°52′

86°14′

1 320

Foothill belts

Kenswat in Manas River

43°58′

85°57′

900

Foothill belts

__________________
1
Cheng Weiming. Research on landscape pattern and evolution of Manas River Watershed in Xinjiang Institute of Geographic Sciences and Natural Resources Research,
CAS. PhD Thesis. 2003.
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The meteorological data include mainly the
monthly temperature and precipitation of the period
from 1961 to 1998. The hydrological data include
mainly the monthly runoff volume of the period from
1961 to 1998, collected from one hydrological station
located in the mid-mountain zone and five hydrological
stations at the foothill , including the Urumqi R., Toutun R., Santun R., Hutubi R., Taxi R., and Manas R..
2.2 Methods
At regional scale, the stability of oasis can be objectively assessed in terms of geographical location (especially geomorphic positions) of the oasis, and the
interactions between oases and the surrounding desert
and mountain systems.The temporal stability of oases
at regional scale depends on the interaction between
oases and their surrounding deserts and mountains
(Luo et al., 2003), which can be represented by the
temporal change of the “cold-island effect”.
The size of oases and the vegetation status in the
oases depend essentially upon the moisture conditions.
Therefore, the “cold-island effect” is closely related to
the moisture conditions in the oases. The change of
water available and its utilization efficiency cause
changes in vegetation cover and its underlying surface.
According to the analysis above, the “cold-island effect” is correlated positively with precipitation and
surface runoff but negatively with evaporation (Luo et
al., 2003), which can be roughly expressed as
Ci =

Pi × Ri × E m ,
Pm Rm Ei

(1)

where, Ci is the index of the “cold-island effect” of
oasis in the year i; Pi, Ri and Ei are the annual precipitation, runoff volume of the rivers and evaporation in
the year i respectively; and Pm, Rm and Em are the mean
annual precipitation, runoff volume of the rivers and
evaporation respectively. When ΣSi/n≥1 (where, n is
the period of time, years), the “cold-island effect” of
the oasis is strong, and the stability of the oasis is increased; when ΣSi/n<1, the “cold-island effect” of the
oasis is weak, and the stability of the oasis is reduced.

3 Results and discussion
3.1 Geographical locations and the stability of oases
Deserts are usually the background or matrix of oases,
and so they seriously intimidate the existence and de-
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velopment of oases. As analyzed above, the interaction
between oases and deserts carries through hydrological, soil and vegetation factors; and water is the key
factor in maintaining the existence, development and
stability of the oases. Therefore, the greater the power
of an oasis obtains water, the higher its stability will
be. The capability of obtaining water resources is the
highest in the alluvial-diluvial oases (Zhang et al.,
1995), so the stability of oases there is the highest
(Table 2).
Prior to human disturbance, natural oases are
mainly located in the central and low part of the alluvial-diluval fans. The alluvial plains were coverd by
desert landscape before human exploitations. When
the alluvial plains are cultivated as anthropogenic oases, the oasis will expand from the alluvial-diluval fan
to alluvial plains. The oasis on the alluvial-diluval fan
is the core for the stability of the whole oasis. In the
central and lower parts of the alluvial-diluval fan,
there is basically no risk of soil salinization and desertification due to the availability of plentiful water resources, thick and fertile soils, favorable groundwater
table, smooth underground runoff, and high-quality
groundwater. Those oases do not generally disappear
even if they are deserted due to chaos caused by war
and political turbulences, as long as the natural conditions forming the oases are not changed. It is considered that such kind of oases has high capability of
restoration and resistance, and their stability is very
high. This kind of oases is extensively distributed in
the NSTM areas, such as the oases in Manas, Kuytun
and Fukang.
Along with the gradual exploitation of water and
land resources in arid areas for more than 50 years in
Xinjiang, the desert landscapes in the alluvial plains
have been changed into the anthropogenic oasis. Flat
landform in the alluvial-plain oasis acts as an advantage, which is usually less than 3/1000 of gradient.
Therefore it is convenient to divert water from its
source areas (usually rivers originated from mountains)
for irrigation. Moreover, the soil is thick and suitable
for reclaiming and cultivation. However, secondary
soil salinization may occur due to poor underground
runoff flow, elevated groundwater table, clayish nature
of soil texture, and relatively high salt content in
original soils (Zhang et al., 1995). Furthermore, the
oases in alluvial plains are relatively far away from
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Table 2

Oases in a typical watershed and their characteristics in the NSTM areas (Luo et al., 2006)

Topographic
profile

Types of landscape or oases

Mountain

Oases of alluvial-diluvial Desert grlassland or oases
fans
of alluvial plains

Regional land
use patterns

Resources utilization with
protection, co-management
and benefits sharing

Intensive use and
household contracting

Environmental capacity
and carrying capacity of
water resources are the
highest of the basin, and
Focus on protection of nitches,
oasis is most stable;
develop traditional stockTypical features of
proportion of lands for
breeding and new type of
patterns
construction is high, and
tourism, and protect national
increases fast; lands are
culture
used intensively and
governed by local government; household
contracting dominates

water source areas. In moderately dry and dry years,
availabity of water sources are low. As a result, land
desertification will possibly occur in the marginal
zones of oases, and the stability of the plain oases will
be threatened. They will evolve into desert or the oasis-desert ecotone without human control and
management. Once such kind of oases is destroyed or
abandoned due to chaos caused by war and political
turbulences, it is impossible to naturally restore them.
Therefore, alluvial-plain oases are generally fragile
with a low level of stability. However, if these oases
are rationally developed and managed, their stability
should be still high. This kind of oases are extensively
distributed in Xinjiang, even larger in total area than
the alluvial-diluval-fan oasis, such as the Xiayedi and
Mosuowan reclamation areas in the alluvial plain of
Manas River and the Chepaizi Reclamation Area in
the alluvial plain of Kuytun River.
In the lakeshore delta or dry delta at the tails of rivers in various sizes, natural or anthropogenic oases
have also developed. With flat and open terrain, it is
convenient to divert water for irrigation. However, the
water supply is not stable due to long distance from
____________
1

Sandy desert or
oases of deltas

Sandy desert

Agricultural use of oasis
and scale management of
farms

Ecological
utilization

Ecological protection
and recovery

Oases are relatively stable;
land is flat with thick soil
layer, convenient for water
diversion, favorable for
cultivation; the main areas
for planting, and planting
dominants; soil salinization
is subject to occur; land is
dominantly governed by
Production and Construction Corps of Xinjiang and
scale management dominates

Water source is not
stable, and tend to
decrease with poor
quality; severe
salinization and
desertification
occur, stability of
oases is weak; and
ecological utilization of lands dominates; the key area
of ecological migration

Comprehensive use of
salt mine; moderate use
of stockbreeding is
favorable for recovery
of desert vegetation1

the water source areas, river course change and water
consumption in the upper and middle reaches. They
are also threatened with high water mineralization and
low water quality, serious soil salinization and land
desertification, and their stability is very low. Most
oases in the lacustrine delta zones or alluvial dry delta
zones have shrunk or disappeared. For example, the
Yanqi Oasis developed in the tail of the Kaidu River is
located in the Bosten Lake fed by the Kaidu River on
the southern slope of the Tianshan Mountains, and its
stability is seriously threatened due to soil salinization
and swampization (Zhou et al., 2001). In the NSTM
areas, the typical case is the Aibi Lake located in the
western section of the NSTM areas and at the southwestern edge of Zhunggar Basin, which is the terminal
of seven rivers including Kuntun River, Sikeshu River,
Guertu River, Jing River, Arjiale River, Daheyanzi
River and Bertala River. In the last half century, mass
land reclamation in the upper alluvial-diluvial fan and
alluvial plain areas caused a sharp decline of inflow of
the lake. This caused shrinking of the lake and delta
and sped up the desertification of the areas around the
lake. The ecological deterioration in Aibi basin could

Xinjiang Institute of Ecology and Geography, CAS, moderate use of land for stockbreeding is favorable for maintaining biodiversity of seed plants of desert in Dzungaria
Basin. 2006. http://www.egi.ac.cn/manager/show.php?id=1301
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not be improved basically, which has become the second severe ecological problem disturbing Xinjiang (Su
et al., 2002).
The stability of oases is also related to the topographical pattern of a watershed in arid areas, namely to
the existence of a foothill belt and its scale (Cheng et
al., 2001a, 2001b). The typical topographical landscape pattern in a watershed in Xinjiang includes the
alpine belt in the headwater areas, mid-mountains,
foothill belt, alluvial-diluval fan, groundwater overflowing zones, alluvial plain, and desert. The distribution and size of a foothill belt may, to some extent,
regulate the stream runoff, restrict the transformation
from groundwater to surface water, increase the runoff
volume and the annual regulation capability of the
rivers, and reduce the annual variance of runoff, which
enhances the stability and development of oases
(Cheng et al., 2001a, 2001b), especially of the alluvial-plain oases. With a foothill belt in the watershed,
the area of alluvial-diluvial-fan oasis below the foothill belt and the alluvial plain oasis are relatively large.
On the contrary, they are relatively small. For example,
according to TM images, the area of oasis in the Manas River Watershed in the NSTM areas, with a wide
foothill belt, is 7 539 km2 (Fig. 1), and their stability is
high; while the area of oasis is only 3 761 km2 in the
Kuytun River Watershed, with a narrow foothill belt.
The area of oasis is even less in the Sikeshu River
Watershed without foothill belt, only 134 km2, and the
stability of oases is low (Cheng et al., 2001b).
In short, the effect of geographical location on the
stability of oases can be explained as such: the stability of the oases formed after the rivers flow out of the
debouchures is the highest (such as the alluvial-diluvial-fan oases); the stability of the oases at the river
tails is the lowest (such as the oasis developed on the
lacustrine deltas or the dry deltas); and the stability of
the oases in the middle reaches of the rivers (such as
the alluvial-plain oases) is moderate. Besides, the stability of oases is high in regions with multiple kinds of
landforms and especially a wide foothill belt.
3.2 Temporal stability of oases at regional scale
According to the precipitation, evaporation and hydrological data collected from the meteorological and
hydrological stations in the study area (Fig. 2), the
mean annual precipitation, evaporation in the oases
and runoff volume of the rivers were 181.4 mm,
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1 859.9 mm and 2.71×109 m3 during the period of
1961－1998. They were normalized by the corresponding mean annual values, then the indexes of the
“cold-island effect” of the oasis are calculated by formula (1) (Table 2).
Table 2 showed that the mean index of the
“cold-island effect” was 1.051 during 1961－1998,
but it was only 0.840 and 0.844 respectively during
1961－1969 and 1970－1979, lower than the mean,
indicating a weak “cold-island effect” and low oasis
stability. The index increased to 1.042 during 1980－
1989, and even to 1.500 during 1990－1998, showing
that the “cold-island effect” continuously enhanced
since 1961.
Because of the uneven thermal power in the underlying surface in the arid areas, oases are the coldness
sources (“cold-island”) compared with their surrounding deserts (Su and Hu, 1987), which results in a local
air circulation, i.e., the “cold-island effect”. Turbulent
current is weak within the “cold islands”, but an adiabatic unstable air layer forms under intense sunshine
over the arid deserts surrounding the “cold islands”.
Thus, the turbulent current develops, and the heated
air is transported by the turbulent current from the
lower layer to the upper layer over the deserts, and the
local circulation between the oases and the deserts
forms. The heated air is transported by the local circulation to the upper air layer over the cold islands, with
the formation of a stable temperature inversion, which
makes the turbulent thermal flux within the “cold islands” a negative value downward under the strong
sunshine at daytime, and the evaporation is relatively
low. The evaporation in the oases is only 40%－50%
of that in the deserts and Gobi deserts (Ji and Zhou,
1994).
The intensity of the “cold-island effect” of oases
depends on the size of oases, moisture conditions and
vegetation coverage in the oases (Hu and Zuo, 2003).
Enlargement of oases and the increase of water resources and vegetation coverage in the oases will certainly enhance the “cold-island effect”, which is advantageous for increasing precipitation, reducing evaporation and increasing stability of the oases. Contrarily, the stability of oases will be reduced. In fact, the
oasis which is mainly composed of farmland (containing ditches, shelter forest belt, and rural road),
built-up area and reservior and pond increased by over
140% in the NSTM area during 1960－2000 (Chen,
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2008), which showed that the size of oasis enlarged
significantly. This also proved the increasingly inten-

sive cold-island effect and remarkable stability of oasis in the NSTM.

Fig. 2 The annual precipitation (P), evaporation (E), runoff volume(R) and index of the cold-island effect of the oasis (C) in the NSTM area.
Table 3

The indexes of the “cold-island effect” in the NSTM area during 1961－1998

Year

1961

1962

1963

1964

1965

1966

1967

1968

1969

1961－1969

Index

0.728

0.513

0.954

1.155

0.513

1.277

0.645

0.554

1.221

0.840

Year

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1970－1979

Index

1.062

1.038

1.111

0.812

0.594

0.849

0.772

0.498

0.858

0.849

0.844

Year

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1980－1989

Index

0.869

0.919

0.822

0.706

1.025

0.936

0.851

1.806

1.654

0.837

1.042

Year

1990

1991

1992

1993

1994

1995

1996

1997

1998

1990－1998

Index

1.208

0.850

1.107

1.620

1.570

1.235

2.011

1.161

2.734

1.500
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4 Conclusions
The stability of oases at regional scale was discussed
and analyzed in the paper in terms of geographical
location of oases and the interaction between oases
and their surrounding deserts and mountain systems.
The conclusions are as follows:
(1) At regional scale, oases in arid areas are stable and
their sustainable development can be achieved as long as
the moisture conditions of the oases can be maintained
and the utilization efficiency of water resources can be
continuously increased (not reduced at least), and the
per unit area primary productivity (biomass) can be
continuously raised, in which the productivity of the
natural vegetation cannot be reduced obviously.
(2) Oases in arid areas are mainly located in alluvial-diluvial fans, alluvial plains, lacustrine deltas or
dry deltas. Oases in alluvial-diluvial fans have the
highest stability due to the greatest potential of obtaining water resources. The stability of oases in the
alluvial plain downstream from the groundwater overflow zones take second palce and that on the lacus-
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trine-delta or the scattered-alluvial dry-delta are of the
lowest stability.
(3) The “cold-island effect” can be used to characterize the interaction between oases and their surrounding deserts and mountain systems. The
“cold-island effect” of oases can be enhanced with the
enlargement of oases and the increase of water resources and vegetation coverage in the oasis, which
helps increase the stability of oasis.
(4) The stability of oasis has remarkably and continuously enhanced since 1961 in the NSTM area.
Oasis stability is very important for the study of
oases and arid regions. It changes greatly at different
temporal and spatial scales. This paper only involves
the regional scale. The stability of oases at small
scales, such as ecosystem (landscape patch) and landscape, should be researched in future.
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